Introduction
Replacem ent of the 5-CH or 6 -CH groups in the pyrimidine bases with an isoelectronic nitrogen leads to m arked changes in both biological activity and chemical behaviour. Many of the resultant 5-aza-and 6 -azapyrimidines display antibacterial and/or anti neoplastic properties [1] . For instance, 6 -azauracil (6 A U H 2) inhibits the developm ent of solid animal tum ours [2] and human acute leukemia [3] . When 6 -azauridine is em ployed, the analogous in vivo con version of 6 -azauracil to its riboside derivatives is responsible for its observed activity [1] . 5-Azauracil is a powerful bacteriostatic agent. However, in mod erately alkaline or neutral solution, the triazine ring is readily opened, leading to the form ation of formyl biuret, which is further decomposed to biuret [4] . The introduction of a third nitrogen atom into the six-membered pyrimidine ring will, of course, lead to a significant perturbation of the charge distribution. CNDO/2 molecular orbital calculations on 6 -azauridine and 6 -azacytidine indicate that the residual charge on N 6 in these bases is approximately zero [5] . The absence of hydrogen bonding to N 6 in the crystal structures of 6 -azauracil [6 ] , 6 -azathymine [7] , 6 -azauridine [8 ] and 6 -azacytidine [9] is in accord ance with these results. The heterocyclic bases in the latter two nucleosides both adopt an unusual "highanti" conformation relative to the sugar (^Cn = 76.5-99.1°). This conform ational range is energeti cally unfavourable for the parent pyrimidines, in which the 6 -position carries a proton.
It has been postulated that the enhanced confor mational flexibility of the 6 -azapyrimidines may be responsible for their biological activity [5] . A ltera tions in the pattern of charge distribution within the six-membered ring could, however, also play a sig nificant role. This hypothesis is amplified by a com parison of the pKfl-values of various azapyrimidines. Respective values for the first dissociation constants of uracil, 1-methyluracil and 3-methyluracil are 9.43, 9.72 and 9.85 [10] . The pK"-values for the N-monomethyl derivatives indicate that the basicity of N 1 and N3 in uracil is virtually equal. Both 6 -aza and 5-aza substitution lead to a m arked reduction in the value of the first dissociation constant: pK" = 7.00 for 6 A U H : [10] and 6.73 for 5 A U H 2 [11] . The second dissociation constant for 6 A U H 2 is 12.9 [10] , which is once again lower than for uracil (13.3) . In contrast to parent base, however, the basicities of N I and N3 are no longer similar to one another. W hereas N 1 in 6 -azauracil is more basic than N 3, the reverse situa tion is observed for 5-azauracil. The relevant pKavalues are respectively 6.99 and 9.52 for 1-methyland 3-methyl-6-azauracil [10] , 8.15 and 6.58 for 1-methyl-and 3-methyl-5-azauracil [11] , These find ings indicate that the monoanions of 6 A U H 2 and 5 A U H 2 will predom inate at biologically relevant pH values, with N3 being deprotonated in the form er case, N 1 in the latter case.
To our knowledge no reports of metal binding studies on the azapyrimidines have previously ap peared. The changes in the charge distribution in the six-membered rings discussed above would be ex pected to influence both the patterns of hydrogen bonding and metal coordination. A striking predom i nance of N 1 coordination has been established for crystallographically confirmed binding sites of metal ions with the monoanions of uracil and thymine [1 2 ]. Only one complex, triaquabis(uracilato)cadm ium (II), with N3 coordination has been studied [13] . Solution studies of platinum (II) complexes of uracil and thy mine have dem onstrated that m etal binding is influ enced by the prevailing pH value. W hereas N 1 is the preferred coordination site in neutral or alkaline so lution, low pH favours N3 binding. We have now investigated the interaction of C H 3 H g+ with 6 -azaand 5-azauracil derivatives. This cation was chosen on account of its unique ability to function as a uniligating Lewis acid with minimal steric effects. We have previously shown the C H 3 Hg^ cation to be suit able for the characterisation of binding sites in the 8 -azapurines [16, 17] . In addition to providing infor mation on w hether N 1 or N3 are favoured as coordi nation positions in neutral 1 : 1 complexes, this work was also initiated in order to establish w hether N5 or N 6 are potential secondary binding sites.
We present the preparation and 'H NM R charac terisation of the complexes [(C H 3 H g) 6 . In addition the complexes 1, 5 and 7 were studied by X-ray structural analysis.
Experim ental l-m ethyl-6 -azathymine were prepared as described previously [10, 18] . M ethylmercury(II) nitrate was prepared by addition of A g N 0 3 to an aqueous solu tion of methylmercury(II) chloride (Alfa) in the dark, with subsequent filtration and evaporation of the filtrate. 'H NMR spectra were recorded on a B ruker WP 200 spectrom eter at 20 °C for saturated solutions in d6-DMSO using TMS as internal refer ence. IR spectra were recorded as 1% KBr discs on a Perkin-Elm er 297 spectrom eter. Microanalyses were perform ed with a Perkin-Elm er 240.
Preparation o f 1-7
All preparations were carried out at ambient tem perature in a well ventilated fume hood. In a typical experim ent 0.60 mmol (0.150 g) methylmercury(II) nitrate was added to 1 0 ml of an alkaline solution of the appropriate base with the required concentration. The pH value was adjusted to a predeterm ined value through addition of N aO H or H N 0 3. A fter filtration the solutions were allowed to evaporate slowly to yield white precipitates, which were washed with ethanol and ether. The CH 3 H g N 0 3: base ratios and the pH ranges which yield the complexes 1-7 are listed below Microanalyses are listed in Table I , details of the 'H NM R spectra in Table II . 
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X-ray structural analyses
Crystal and refinem ent data are summarised in Table I . U nit cell constants were obtained from a least-squares fit to the settings of 25 reflections re corded on an Enraf-N onius C A D 4 diffractometer. Intensities were collected on the diffractometer at varied scan rates with graphite m onochromated M oKa radiation (A = 0.71073 Ä). Empirical absorp tion corrections were applied to the intensities. The structures were solved by Patterson (1, 5) or direct m ethods (7) and refined by full-matrix least squares. A nisotropic tem perature factors were introduced for the Hg atom s; hydrogen atoms were neglected. In the space group Pbcm with Z = 4, the complex 5 must lie in a crystallographic m irror plane, or, alter natively, it must be slightly disordered about the plane, so that the mean atom positions lie in the plane. A refinem ent in the alternative noncentrosymmetric space group Pca2x did not lead to a signifi cant im provem ent in the R factor [19] . The terminal reliability indices are listed in Table II , where R n, = [2'w(F0 -Fc)2/X w F"2]12. W eights were given by w = (cr(F0) + / r F 0 2 ) -1 (for values of p see Table III) . A tom positional param eters with isotropic tem pera ture factors are listed in Table IV . Bond lengths and angles to the mercury atoms 1 and 5 are given in tions as a result of the domination of the X-ray scat tering by the six independent mercury atoms in the asymmetric unit. For this reason, a detailed discus sion of bond lengths and angles in this complex was felt to be unjustified.
Discussion
Neutral 1:1 methylmercury(II) complexes were isolated from aqueous solutions of both 6 -azauracil and 6 -azathymine. [CH3H g)6 AUH] (1) may only be prepared in the relatively limited pH range 6 -8 , [(CH 3 H g) 6 ATHJ (4) in the range 6-12. In the case of 6 -azauracil, the 2:1 complex [(CH3 H g) 2 6 AU] (2) is the only product in more alkaline solutions, even for 1:1 cation/base ratios. When an excess of C H 3 H g+ is used (e.g. a 3:1 cation/base ratio), this complex may, in fact, be isolated over the wide pH range 4 -12. Likewise, the respective N3-coordinated 1:1 complexes 3 and 5 of the 1-methyl substi tuted bases 6 A M U H and 6 AM TH may be prepared in solutions with pH values between 4 and 12. N 6 -coordinated complexes of these bases could not be obtained.
N 3-coordination of the Hg atom was confirmed for 1 by an X-ray structural analysis. Replacement of N -H protons by C H ,H g+ cations should lead to a release of electron density into the azapyrimidine ring systems. It is, therefore, somewhat surprisingly to note that the 'H NM R signal for H5 is shifted downfield in 1 and 2 by respectively 0.16 and 0.28 ppm with respect to 6 A U H 2. The suggests that charge delocalisation in the six-membered rings must be restricted. The assignment of the H I and H3 sig nals for 6 A U H 2 in Table II is tentative. However, a downfield shift of 0.38 ppm for H 1 upon substitution of H 3 in complex 2 appears most unlikely. In analo gy to 6 A U H 2 the more downfield signal for 6 A T H 2 was assigned to H 1. On this basis the downfield shift of the H 1 signal in the complex 4 relative to the free base (0 . 0 2 ppm) is identical to that observed for 2 in comparison to 6 A U H 2. It may, therefore, reason ably be assumed that N3 is also the binding site in 4.
As was discussed in the Introduction, N 1 has been established as the coordination position in all but one of the previous X-ray structural studies on metal complexes of the monoanions of uracil and thymine. O ur present findings suggest a change in the coordi nation behaviour of pyrimidine monoanions upon 6 -aza substitution, as was to be expected from the potentiom etric studies on 1-and 3-methyl substituted bases [10, 11] . In neutral and alkaline solutions of m ethylm ercury(II), C H ?H gO H is the predominant species. In addition to CH^HgOH considerable con centrations of [(CH ?H g)2 O H ]T are present in the pH range 4 -7, [CH?Hg]" being only of importance in m ore acid solutions [20] . Two reactions will be of particular relevance at the pH values in the range 6 -8 which are necessary for the preparation of 1 .
C H ,H gO H + H N (^ ^ C H ?H g N^ + H .O (1) C H ?H gO H + " N^ ^ C H ,H gN (" + OH (2)
W hereas the equilibrium for reaction (1) is inde pendent of the pH value, it will be shifted to the right in the second case as the pH decreases in the range 12-6. The facile synthesis of the 2:1 complex of 6 -azauracil even at pH values as low 4, for which the neutral base 6 A U H 2 will be the predominant species, indicates that reaction ( 1 ) must be favour able for both N -H protons, when the solution con tains an excess of m ethylm ercury(II). The observa tion of selective 1:1 substitution of N 3 -H at pH values between 6 and 8 suggests, however, that reac tion (2) will dom inate at such pH values for solutions with a low concentration of methylmercury(II). In this range relatively high concentrations of the N3-deprotonated monoanion [6 AUH]~ will still be present.
In addition to weak intram olecular interactions with the neighbouring carbonyl oxygen atoms 0 2 and 0 4 , the Hg atom in the crystal lattice of 1 is also involved in interm olecular secondary bonding to 0 4 of a symmetry related molecule. Polymeric chains parallel to the fr-axis are built up in this fashion as depicted in Fig. 1 . Such interm olecular interactions are absent in the case of complex 5, the molecular structure of which is shown in Fig. 2 . N 1 of 1 partici- pates in an intermolecular hydrogen bond to 0 2 of length 2.83(2) Ä. Hydrogen bonding to N 6 is absent, as was observed for the parent base 6 -azauracil [6 ] . This finding, and the fact that no ionic N 6 -coordinated complexes of the bases 6 A U H 2 and 6 A T H 2 or their 1 -methyl substituted derivatives could be iso lated, prom pted us to carry out M NDO calculations on the azapyrimidines, so as to complement and ex tend the older CNDO/2 studies on 6 -azauridine [5] , O ur results are summarised in Table VI. They con firm that N 6 in the 6 -azapyrimidines carries no re sidual charge, explaining thereby its non-availability as a site for metal binding or for hydrogen bonding. In addition to 1 and 5, a crystal structure analysis was also perform ed for 2 (N l, N 3-coordination). How ever, the structure is disordered, so that a more de tailed discussion was felt to be unjustified [2 1 ]. Table VI indicates that N5 in 5-azauracil would be expected to be a potential coordination position for metal cations. This was confirmed by the isolation of a 3:1 ionic complex 7 at a pH of 3-4. The 2:1 neu tral complex 6 with N l, N3-coordination could be prepared over a wide pH range (6) (7) (8) (9) (10) (11) (12) . A ttem pts to prepare a 1 : 1 complex were unsuccessful, leading invariably to the isolation of 6 . The closer similarity to the basicities of N 1 and N3 in 5-azauracil may be responsible for this finding. However it is also possi ble that differing solubilities of the 1 : 1 and 1 : 2 com plexes lead to the invariable isolation of the latter. N l , N 3, N5-coordination was, established for 7 by X-ray structural analysis (Fig. 3) . There are two in dependent cations A and B in the asymmetric unit.
The strength of metal binding in the complexes 1-7 is reflected by the magnitude of the 27 (|y4 H g-'H) coupling constants. Lower values are associated with an increased stability of the complexes [20] , Intro duction of a positive charge into the heterocyclic base leads to a m arked reduction in the formation constant for binding at a given site. The coupling constant for 7 (220 Hz) may be regarded as being interm ediate between that for the 2 : 1 complex 6 (203 Hz) and the much larger value predictable for a 1:1 cation [(CH,Hg)5 A U H 2] + .
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